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, minimum weight $d$ $d\leq 4[n/24]+4$
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, 1973 Sloane [$8|$
.
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(Theorem 1 ) binary code .
$C=C^{\perp}$ $C$ self-dual , $C^{\perp}$
(dual code) . $C$ self-dual , codeword
1 . , ,
preprint [3] ,
.
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$x\in C$ weight $wt(x)$ . codeword weight 4
self-dual code doubly even . $A_{i}=|\{c\in C|wt(c)=$
$i\}|$ , $W_{C}(x, y)= \sum_{i=0}^{n}A_{i}x^{n-i}y^{i}$ code $C$ weight
enumerator .
Theorem 1 (Gleason-Pierce ([7] )). $q$
, $q$ $F_{q}$ . $C$ $F_{q}$ formally self-dual
code , $C$ $W_{C}(x, y)=W_{C}\perp(x, y)$ . $C$






(5) $q$ , $\alpha=2$ $W_{C}(x,y)=(x^{2}+(q-1)y^{2})^{n/2}$ .
(5) 2 (2) (3) self-dual ,
(2) doubly even self-dual code ,
1 .
doubly even self-dual code weight enumerator
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minimmvm weight .
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Theorem 3 (Mallows-Sloane [5]). $n$ minimum weight $d$
doubly even self-dual code
$d \leq 4[\frac{n}{24}]+4$ (1)
.
(1) doubly even self-dual code
extremal . 112 minimwn weight 20 doubly even
self-dual code extremal .
2.2 Extremal doubly even self-dual code
$n=8,16,$ . . . , 64, 80, 88, 104 , MacWilliams-Sloane
[4] Fig. 19.2 (626 ) . $n=8,16$
extended Hamming [8, 4, 4] code . $n=$
$24$ extended Golay [24, 12, 8] code, $n=32,48,80$ , 104
extended quadratic residue code , $n=40,56,64,88$
double circulant code . ,
double circulant code Fig. 16.7
, $n=40,88$ . 1981
Pasquier [6] MacWilliams-Sloane [4]
$n=64$ double circulant code , [6]
64 .
$n=136$ Rains-Sloane [7] Moore 1976
. , extremal




$n$ extremal doubly even self-dual code
$N(n)$ . , $d$ extremal minimum
weight . , 32 doubly even self-dual code
([7] ).
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1: Extremal doubly even self-dual code
3
$C_{112}$ generator matrix code :
$G=($ $I_{56}$ $B^{T}AA^{T}B)$
$I_{56}$ 56 , $A,$ $B$ 1
$r_{A}=(1,0,0,1,0,1,0,0,0,0,0,0,0,0,1,0,1,0,0,1,1,1,1,0,0,1,1,1)$ ,
$r_{B}=(1,0,1,1,1,0,0,1,1,1,1,1,0,0,0,0,1,1,1,1,0,1,1,1,1,0,1,1)$ ,
$28\cross 28$ circulant , $A^{T},$ $B^{T}$ $A,$ $B$ .
Lemma 4. $C_{112}$ 112 doubly even self-dual code.
Proof. $AA^{T}+BB^{T}=I_{28}$ . $A,$ $B$ circulant matrix
$AB=BA$ . 2
$M=(\begin{array}{ll}A BB^{T} A^{T}\end{array})$
$MM^{T}=I_{56}$ $C_{112}$ self-dual code .
(rAA) $+wt(r_{B})$ $=31$ $C_{112}$ doubly even
self-dual code .
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Lemma 5. $c$ weight 16 $C_{112}$ codeword $c$ $G$
8 $H=(M^{T}, I_{56})$ 7 .
Proof. $c=(c_{1}, c_{2})(c_{i}\in F_{2}^{56})$ wt(c) $=16$ codeword
$(wt(c_{1}),wt(c_{2}))=(0,16),$ $(1,15),$ $(2,14),$ $\ldots(15,1),$ $(16,0)$
. $G$ $wt(c_{1})=i$ $c$ $G$ $i$
.
$C_{112}$ self-dual code dual code generator matrix $H$
$C_{112}$ generator matrix . $(wt(c_{1}), wt(c_{2}))=(i, 16-i)$
$G$ $i$ $H$ $16-i$
. , $wt(c_{1})=9,$ $\ldots 16$ $H$
7 . wt(c) $\leq 12$
minimum weight
.
$G$ 8 $H$ 7 weight
20 . C112 extremal doubly
even self-dual code .
Theorem 6. 112 extremal doubly even sel dual code
.
Remark 7. $C_{112}$ self-dual code linear $[112, 56]$ code
minimum weight code
([2] 3).
$C_{112}$ . extremal doubly even






3linear code minimum weight [2]
.
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. Assmus-Mattson ( $[4|$ ) minimum weight
codeword $1-(112,20,63525)$ design . 1-
design 2-rank 56 . $C_{112}$ minimum
weight codeword . MAGMA
112 .
4
, 25 extremal doubly even self-dual
code . $n=$ 24k
extremal doubly even self-dual code $k=1,2$ ,
72 ,
. , $n\not\equiv 0(mod 24)$ extremal
doubly even self-dual code ,
112 .
112 ,
Lemma 4 $(AA^{T}+BB^{T}=I_{28}, wt(r_{A})+wt(r_{B})\equiv 3$
$(mod 4))$ circulant $A,$ $B$ ,
code minimum weight 20 Lemma 5
. .
extremal doubly even self-dual code
. $n\not\equiv O$
$(mod 24)$ extremal doubly even self-dual code
128 .
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